Myositis-specific autoantibodies, such as anti-melanoma differentiation associated gene 5 (MDA5) and anti-anti-amino acyl-tRNA synthetases (ARS) antibodies, are associated with interstitial lung diseases (ILD), which determine the prognosis of polymyositis/ dermatomyositis (PM/DM) patients. However, there is a paucity of data on the clinical correlation between anti-Sjögren syndromerelated antigen A (anti-SSA)/Ro52 antibodies in PM/DM. We investigated the prevalence of myositis-specific autoantibodies including anti-SSA/Ro52 antibody and assessed the clinical significance of these antibodies in patients with PM/DM.
Introduction
Dermatomyositis (DM) and polymyositis (PM) are systemic autoimmune diseases characterized by muscle inflammation and skin lesions. [1] Interstitial lung disease (ILD) is the most frequent pulmonary complication and determines the prognosis of patients with DM/PM. [2] The clinical features of ILD complicated with PM/DM vary widely; however, rapidly progressive interstitial lung disease (RP-ILD) is a serious complication of DM, especially clinical amyopathic DM (CADM). [3] Serum myositis-specific autoantibodies (MSAs) are useful markers for the diagnosis of PM/DM and are associated with distinct clinical phenotypes of the disease. [4] Anti-melanoma differentiationassociated protein 5 (MDA5) antibody (Ab) has been shown to be associated with RP-ILD in patients with DM and CADM, and its presence results in unfavorable prognosis. [5] Studies of Japanese patients have shown that anti-MDA5 Ab is detected exclusively in patients with DM and ADM, with 35% positivity in DM and 73% in ADM. [6] It was reported that 79% of DM patients positive for anti-MDA5 Ab developed RP-ILD and 50% of these died of respiratory failure. [7] In RP-ILD with anti-MDA5 Ab, immunological mechanisms including macrophage activation resulting in increased levels of type 1 interferon and inflammatory cytokine production might play roles in the development of RP-ILD. [8] Anti-aminoacyl-tRNA synthetases (anti-ARS) Abs are a further group of autoantibodies associated with ILD in PM/ DM. [9] Approximately 50% of PM/DM patients with ILD complication are positive for 1 of the anti-ARS Ab. [10] Patients with anti-ARS Abs show similar clinical features (ILD, myositis, mechanical hands), and this condition is termed anti-ARS syndrome. [9] In contrast to MDA5 Ab, anti-ARS Ab-positive ILD generally develops gradually and responds well to steroids. [11] Therefore, patients positive for anti-ARS Abs are characterized by chronic progression, with good response to steroids and a fair prognosis. [12] The clinical significance of anti-MDA5 and anti-ARS Abs has been investigated in PM/DM [13, 14] ; however, there are still heterogeneities of clinical phenotypes associated with these autoantibodies. Anti-SSA/Ro52 Abs have been frequently identified in rheumatic diseases without Sjögren syndrome, [15] making it a common autoantibody in PM/DM patients. Given its high prevalence and the few data available on its significance in PM/DM, we investigated whether anti-Sjögren syndrome-related antigen A (anti-SSA)/Ro52 Abs are associated with the clinical phenotype of PM/DM. The objective of this study was to analyze the phenotype and clinical outcomes of a series of patients with PM/DM regarding the association of anti-MDA5 or anti-ARS Abs, and also to assess the value of anti-SSA/ Ro52 Ab as a prognostic marker.
Patients and methods

Patients
We conducted a retrospective study of patients with PM/DM who achieved disease stabilization during treatment at Fukushima Medical University Hospital and Ohta Nishinouchi Hospital, from September, 2006 to August, 2018. The study population consisted of 24 patients (17 females and 7 males) with PM plus 60 patients (43 females and17 males) with DM. The diagnosis of classical DM was based on Bohan and Peter criteria. [16, 17] The diagnosis of clinically amyopathic DM (CADM) was based on Sontheimer criteria. [3] Nine patients did not fulfill Bohan and Peter criteria for DM, [16, 17] but fulfilled Sontheimer criteria of CADM, [3] because of the absence of clinical skeletal muscle symptoms and the presence of persistent clinical DM skin features.
All of the subjects underwent routine examination of internal malignancies. This study was approved by the Ethics Committee of the Fukushima Medical University (No. 2940).
Review of the clinical data
Clinical manifestations, laboratory data, radiographic data, and the presence of internal malignancies were obtained by a retrospective review of medical records. Patients seen from March, 2004 to May, 2018 are enrolled in this retrospective cohort study. The following data were collected at baseline: age, sex, time to diagnosis, underlying comorbidities, clinical symptoms, laboratory data, histological data, and treatment status. Clinical findings included the presence or absence of inflammatory myopathy, ILD, arthritis, Raynaud phenomenon, mechanic's hands, fever, skin rash, heart involvement, and other relevant clinical features. The patients were diagnosed with ILD according to the results of chest x-ray and high-resolution chest CT, reported by Japanese boardcertified radiologists. A subset of patients with RP-ILD was defined as those presenting with progressive dyspnea and progressive hypoxemia, and a worsening of interstitial change on chest radiography within 1 month from the onset of respiratory symptoms, as described previously. [7] 2.3. Serological analysis Sera samples were obtained from all patients with PM/DM who were undergoing medical treatment at the first visit, and were stored at À20°C until use. Most of the sera samples were obtained at the first visit, so the interval from initiation of therapy was minimal. Laboratory data before the initial treatments included creatine kinase (CK), C-reactive protein (CRP), ferritin, and sialylated carbohydrate antigen (KL-6). Anti-SS-A/Ro and antiJo-1 Abs were measured using ELISA kit (MESACUP-2/ Medical and Biological Laboratories, MBL, Nagoya, Japan). Anti-MDA5 Abs were measured by ELISA using the MESACUP anti-MDA5 test (MBL). Anti-ARS Abs were measured using ELISA kit (MESACUP anti-ARS test, MBL) that can detect 5 anti-ARS Abs (Jo-1, PL-7, PL-12, EJ, and KS). We analyzed the clinical and serological findings, including autoantibodies, at the time of diagnosis. Owing to the retrospective nature of the study, serological analysis was carried out on stocked samples (sera) at the diagnosis in some patients.
Statistical analysis
Clinical characteristics were presented as the mean ± standard deviation (SD) of the number of patients. All categorical variables were reported as frequency (percentages). Qualitative variables were compared using the chi-square test (or Fisher exact test when appropriate). Continuous variables were compared using Student t test or the Mann-Whitney U test depending on data distributions. Survival, related to follow-up time, was analyzed using the Kaplan-Meier method and compared using the logrank test. Two-sided P values less than .05 were considered statistically significant. All calculations were performed using PASW Statistics version 20 (SPSS Japan Inc., Tokyo, Japan).
Ethical approval and consent to participate
The study was approved by the Ethics Committee of Fukushima Medical University (No. 2940).
Results
Clinical features of the enrolled patients with PM/DM
Demographic data of the enrolled 84 patients are presented in Table 1 . The study population comprised 24 patients with PM and 60 patients with DM. Demographic data were comparable between PM and DM patients, except for elderly onset in PM patients. Myopathic symptoms, such as muscle weakness, were detected in similar proportions in those with PM and DM, whereas serum levels of CK were significantly higher in PM patients compared with those with DM. Skin lesions, such as Gottron sign, were exclusively observed in patients with DM. The presence of anti-MSAs (MDA5, ARS, Jo-1, SSA/Ro52) was determined by ELISA. Of 84 patients, 31 (36.9%) were positive for anti-ARS Abs, 18 patients were positive for anti-MDA5 Abs, and 39 patients (41.4%) were positive for anti-SSA/Ro52 Abs, with some patients demonstrating positivity for multiple Ab. Anti-MDA5 Abs were exclusively detected in patients with DM. Table 2 . There were no differences in clinical parameters except for disease status (PM) and the association rates of ILD, which were significantly higher in the anti-ARS Ab-positive group. The anti-ARS-Ab group was shown to be less frequently associated with muscle weakness and heliotrope rash compared with those negative for anti-ARS Ab. Anti-MDA5 Abs were exclusively detected in patients with DM; therefore, we compared the clinical characteristics of anti-MDA5 Ab-positive or negative DM patients ( Table 3 ). The anti-MDA5 Ab-positive group was shown to be more frequently associated with RP-ILD and skin lesions, such as heliotrope rash or palmar papules, compared with patients negative for anti-MDA5 Ab. These characteristic clinical phenotypes of anti-ARS or MDA5 Ab-positive patients were consistent with previous findings. [9, 13] 
Clinical course and autoantibodies
Of the total 84 patients, 9 patients died during the study period with a mean follow-up time of 38.2 months. The most common causes of death were ILD progression or respiratory failure (n = 6) and infections including pneumonia (n = 3). To further determine the prognostic factors associated with mortality in patients with PM/DM, we compared the baseline clinical features between survivors and nonsurvivors (Table 4 ). There were no significant differences in clinical features between survivors and nonsurvivors, except for the association rates of RP-ILD. Serologically, the rate of anti-MDA5 Ab-seropositivity was significantly higher in nonsurvivors compared with survivors (55.6% vs 17.3%; P = 0.0083). Although the rate of double-positivity of anti-SSA/Ro52 and anti-ARS Abs was not different between survivors and nonsurvivors, individuals with double-positivity for both anti-MDA5 and anti-SSA/Ro52 Abs were significantly higher in nonsurvivors compared with survivors (44.4% vs 5.3%; P < 0.001).
Clinical outcomes and autoantibody profiles in patients DM
Anti-SSA/Ro52 Ab-positive patients (n = 39, 46.4%) were included in a total of 84 patients with PM/DM. Clinical features were compared between PM/DM patients with and without anti-SSA/Ro52 antibodies. As shown in Table 5 , anti-SSA/Ro52 Abpositive patients were more frequently associated with female sex and higher levels of serum IgG compared with anti-SSA/Ro52 Ab-negative patients. However, there were no significant differences in other clinical parameters (Table 5) . We compared the prognosis of DM patients stratified by the seropositivity for anti-MDA5 or anti-SSA/Ro52 Abs using Kaplan-Meier survival curves. In Kaplan-Meier survival curves stratified by the presence ARS = anti-amino acyl-tRNA synthetases antibody, CADM = clinically amyopathic dermatomyositis, CK = creatine kinase, DM = dermatomyositis, IgG = Immunoglobulin G, KL-6 = sialylated carbohydrate antigen KL-6, MDA5 = melanoma differentiation associated gene 5, MSA = myositis-specific autoantibody, PM = polymyositis, RP-ILD = rapid progressive interstitial pneumonia. * P < 0.05. .0093 ARS = anti-amino acyl-tRNA synthetases antibody, CADM = clinically amyopathic dermatomyositis, CK = creatine kinase, DM = dermatomyositis, IgG = immunoglobulin G, KL-6 = sialylated carbohydrate antigen KL-6, MDA5 = melanoma differentiation associated gene 5, MSA = myositis-specific autoantibody, PM = polymyositis, RP-ILD = rapid progressive interstitial pneumonia. * P < 0.05. com of anti-MDA5 Ab, DM patients with anti-MDA5 Abs had worse survival compared with anti-MDA5 Ab-negative DM patients (Fig. 1) . Additionally, anti-MDA5 Ab-positive DM patients with anti-SSA/Ro52 Abs showed worse survival than those without anti-SSA/Ro52 Ab (Fig. 2) , although this was not statistically significant. We compared the prognosis according to the seropositivity for anti-SSA/Ro52 Ab in MDA5 Ab-negative DM/PM patients. In Kaplan-Meier analysis, there was no difference in survival curves between MDA5 Ab-negative DM/ PM patients with and without anti-SSA/Ro52 Abs (Fig. 3) . Whereas the seropositivity of anti-MDA5 Ab is associated with the significant worth survival compared with those without anti-MDA5 Ab in anti-SSA/Ro52 Ab-positive patients (Fig. 4) . These findings suggest that patients with dual positivity for anti-SSA/Ro and anti-MDA5 Abs exhibit poor prognosis.
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Discussion
This study was conducted to determine the significance of the MSAs, anti-ARS, anti-MDA5, and anti-SSA/Ro52 Abs in the clinical course of PM/DM. We identified 31 (36.9%) patients who were positive for anti-ARS Abs, 15 for anti-MDA5 Abs, and 39 (41.4%) for anti-SSA/Ro52 Abs. Several prognostic factors for PM/DM have been identified. Previous studies demonstrated that the presence of anti-MDA5 antibodies is associated with RP-ILD and CADM without classic DM symptoms. [18] A recent meta-analysis also demonstrated that anti-MDA5 Ab have good sensitivity and specificity for identifying the risk of RP-ILD in patients with DM. [19] In agreement with these reports, [18, 19] our data showed that anti-MDA5 Abs were observed more frequently in DM patients with RP-ILD. Consistent with the previous studies, [9, 10] our data also indicated that anti-ARS Ab-positive PM/DM patients had better prognosis, whereas the presence of anti-MDA5 Ab was associated with poor prognosis. KaplanMeier analysis demonstrated that of anti-MDA5 antibody was associated with poor prognosis. These findings suggest that the clinical phenotypes and prognosis of PM/DM patients could be influenced by the MSA profile.
Antibodies to SSA antigen (Ro52) have been histologically described as a marker for Sjögren syndrome; however, clinical investigations have documented an association of anti-SSA/Ro52 antibodies with ILD. [20] Additionally, an association between anti-SSA/Ro52 antibodies and aggressive anti-ARS syndrome has been reported. [21, 22] However, there have been few studies addressing the frequency of anti-SSA/Ro52 Ab and its significance in PM/DM patients. In this study, we thus evaluated the role of anti-SSA/Ro52 Ab as a prognostic factor in PM/DM patients. The data presented in this study demonstrate that the prevalence of anti-SSA/Ro52 Ab in PM/DM patients was similar ARS = anti-amino acyl-tRNA synthetases antibody, CK = creatine kinase, DM = dermatomyositis, IgG = immunoglobulin G, KL-6 = sialylated carbohydrate antigen KL-6, MDA-5 = melanoma differentiation associated gene 5, MSA = myositis-specific autoantibody, RP-ILD = rapid progressive interstitial pneumonia. * P < 0.05. .0014 * ARS = anti-amino acyl-tRNA synthetases antibody, CADM = clinically amyopathic dermatomyositis, CK = creatine kinase, DM = dermatomyositis, IgG = immunoglobulin G, KL-6 = sialylated carbohydrate antigen KL-6, MDA5 = melanoma differentiation associated gene 5, mPSL = methylprednisolone, MSA = myositis-specific autoantibody, PM = polymyositis, PSL = prednisolone, RP-ILD = rapid progressive interstitial pneumonia. * P < 0.05.
Temmoku et al. Medicine (2019) 98:20 Medicine
to the previously described 37.0% in tested sera. [23] Seropositivity of anti-SSA/Ro52 Ab itself did not affect the clinical outcome of PM/DM patients. However, when anti-SSA/Ro52 Ab was detected in PM/DM patients with anti-MDA5 Ab, anti-SSA/ Ro52 Ab seropositivity was associated with lower survival. Our results show that the detection of anti-SSA/Ro52 Ab in conjunction with anti-MDA5 Ab predicts a unique subgroup of PM/DM patients and facilitates the characterization of PM/ DM-related ILD and its clinical course. Anti-SSA/Ro52 antibody is prevalent throughout the rheumatic diseases suggesting that this antibody is linked with the phenotype or clinical manifestations of connective tissue diseases. Previous study demonstrated an association between anti-SAA/Ro-52 Ab with aggressive anti-ARS syndrome. [24] More recently, Tatebe et al [25] reported that anti-SAA/Ro-52 Ab was associated with relapse in patients with PM/DM. In our data, anti-SSA/Ro-52 Ab was also detected in a significant number of PM/DM patients with other MSAs. Assessment of anti-ARS and anti-MDA5 Abs is useful for predicting the clinical course, prognosis, and treatment response in patients with PM/DM. Our results suggest that in combination with anti-MDA5 Ab, anti-SSA/Ro52 Ab seropositivity affects the clinical course of patients with PM/DM. The mechanisms by which anti-SSA/Ro52 Ab may contribute to poor prognosis in anti-MDA5 Ab-positive DM patients are as yet unknown. Recent epitope mapping studies demonstrated that anti-SSA/Ro52 Abs that bound to a peptide in the coil domain of Ro52 correlated with morbidity and severity of ILD in rheumatic diseases. [26] Yamaguchi et al [27] reported that anti-MDA5-positive CADM patients with myositis-associated autoantibodies (MAAs) had a better prognosis than those without MAAs. In this study, CADM patients had various autoantibodies, such as anti-SSA/Ro52 Ab (5/9) Abs and anti-CCP Ab (5/9) Abs in addition to MAAs. These findings are contrasting to our data demonstrating the worth survival in MDA5
+ DM patients with anti-SSA/Ro52 Ab. The differential clinical phenotype of the subjected patients may ARS = anti-amino acyl-tRNA synthetases antibody, CADM = clinically amyopathic dermatomyositis, CK = creatine kinase, DM = dermatomyositis, IgG = immunoglobulin G, KL-6 = sialylated carbohydrate antigen KL-6, MDA5 = melanoma differentiation associated gene 5, MSA = myositis-specific autoantibody, RP-ILD = rapid progressive interstitial pneumonia, SSA, PM = polymyositis. * P < 0.05. CADM or DM patients between this previous study and our study. More recently, the coexistence of anti-SSA/Ro52 Ab was associated with the severity of ILD in anti-MDA5-positive CADM patients. [28] In accord to this report, our data suggest that anti-SSA/Ro52 antibodies could be associated with anti-MDA5 Ab, which may result in the poor prognosis of DM patients. Further large-scale prospective studies will be required to determine the pathogenic role of anti-SAA/Ro52 Ab in patients with DM. This study had several limitations. First, given its retrospective design, the study was subjected to several possible biases. Second, the sample size was small because of the relative rarity of PM/DM. Thus, we could not identify independent risk factors by multivariate analysis. Third, patients who were positive for anti-ARS Abs were analyzed collectively as the anti-ARS-positive group and detailed analysis of MSAs, such as anti-PL-7, anti-TIFI-g, anti-Mi-2, and anti-SRA antibodies, were not performed. Owing to the retrospective nature of the study, pulmonary function tests or follow-up testing with computed tomography were not available. Our study focused on patients with anti-ARS, anti-MDA5, and anti-SSA/Ro-52 Abs, making our results less generalized than PM/DM patients with other autoantibodies. Among total patients, 5 patients (PM 3, DM 2) were diagnosed as having Sjögren syndrome according to the 2016 American College of Rheumatology/European League Against Rheumatism diagnostic criteria. [29] Therefore, it is possible that the coexistence of Sjögren syndrome affects the clinical outcome of anti-MDA5-positive DM patients. These 5 patients with Sjögren syndrome did not have anti-MDA5 Ab. Whereas we cannot rule out the coexistence of Sjögren syndrome in rest of the patients completely, because we performed the minor salivary gland biopsy in a part of the patients. Our results may be affected by indication bias because the treatments were determined at the discretion of the participating physicians, and clinical information was obtained from patient's medical record. Finally, during the study period, the treatment regimen against PM/DM or PM/DM-ILD was changed, which may have affected the clinical course of these diseases.
Conclusions
In conclusion, we observed high frequencies of anti-SAA/Ro-52 Ab in patients with PM/DM. Anti-ARS or anti-MDA5 Abs were correlated with the phenotype of ILD and its prognosis in DM patients. Additionally, we found the presence of anti-SSA/Ro-52 Ab to be associated with poor prognosis in a subset of anti-MDA5 Ab-positive PM/DM patients. Further large-scale prospective studies are needed to clarify whether anti-Ro-52 antibody is associated with the clinical phenotype of PM/DM, particularly in patients stratified by anti-MDA5 Ab seropositivity. 
